Abstract
number of additional impacts on marine ecosystems are anticipated, since they are home to a 45 plethora of species guided by natural light cues in many behaviours (Thorson 1964 , Tanner 1996 Mundy & Babcock 1998, Naylor 1999 , Cohen & Forward 2009 . A number of marine invertebrate 47 species synchronise broadcast spawning events using lunar light intensity (Naylor 1999) , corals being 48 the most notable example (Tanner 1996) Coastal development, offshore infrastructure, shipping and fishing lights all contribute sources of 53 artificial light to both offshore and nearshore marine ecosystems. It has been estimated that in Terrestrial protected areas adjacent to coastlines that had been classified as marine were removed 82 by clipping out MPAs occurring within the coastal boundaries of a full resolution level 1 (global 83 coastline) dataset downloaded from the Global Self-consistent, Hierarchical, High-resolution 84 Geography (GSHHS) database (http://www.ngdc.noaa.gov/mgg/shorelines/gshhs.html). This 85 provided 11,333 MPAs that were used to generate two datasets. First, the boundaries of adjacent 86
MPAs were dissolved providing a map of the world's contiguous MPAs. This allowed estimates of 87 the number and percentage of contiguous MPAs exposed to nighttime lighting to be derived without 88 multiple overlapping designations over the same region. Second, the original data were subsetted 89 to provide a map of MPAs for which IUCN categories have been designated (3,479 MPAs). Each 90 IUCN category (I to VI) describes areas protected for contrasting levels of nature conservation versus 91 human activity, hence we anticipated that areas protected as pristine natural habitats would be less 92 exposed to artificial light at night than areas where human intervention is more prevalent, because 93 the latter are more likely to be found in closer proximity to human population centres. We also 94 calculated the distance of each IUCN categorized MPA to the coast to ascertain whether trends in 95 artificial light intensity were driven by coastal or offshore development. For each IUCN categorized 96 MPA, this was quantified as the average distance (in km) between the centre of each of its 97 constituent pixels (lit and unlit) and the nearest polyline of coast. 98 
Results
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In 2012 4,051 (35%) of the world's 11,442 contiguous MPAs were experiencing artificial light (at least 137 one pixel >5.5 digital number) at night ( Fig. 2A) . Of those MPAs 57% (2,293) were exposed to 138 widespread light present in 100% of pixels, and 72% (2,901) across more than 50% of their 139 pixels (Table 1) . Hence, not only is the presence of artificial light common in MPAs, but its extent 140 within those MPAs exposed is typically widespread. Regions in which a large proportion of MPAs 141 were exposed to artificial light include the North West Atlantic and Mediterranean Sea (Fig. 2B ), the 142
Gulf of Mexico and Caribbean Sea (Fig. 2C) , the eastern coast of South America ( and in the last case have been created through human-landscape interaction. It is unsurprising then 164 that the fraction of MPAs experiencing increases in mean artificial light intensity was highest (20% 165 for III and 25% for V, Table 2 ), since many of them are located close to human population centres. 166
Indeed, MPAs experiencing positive or negative trends in artificial light intensity were generally 167 closer (<3km) to the coast than those where light intensity did not change (Table 2) of its ecological effects is urgently needed to inform and justify proportionate mitigation strategies. 232
The current paucity of information available to support legal frameworks for mitigation suggests 233 conservation managers should seek dark sky status for their reserves as a means of effectively 
